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Abstract
Objective—Arterial stiffness is identified as a causative factor for hypertension. The purpose of
this study was to explore the relationship between psychological stress and arterial stiffness in
Korean Americans.
Methods—A convenience sample of 102 Korean Americans (aged 21–60 years, 60% women)
was recruited from North Carolina. Psychological stress was measured by the Perceived Stress
Scale, the Social, Attitudinal, Familiar, and Environmental (SAFE) Acculturative Stress Scale, and
the Spielberger’s State-Trait Anxiety Inventory. Arterial stiffness was measured by carotid-
femoral pulse wave velocity (cfPWV) using the SphygmoCor system (AtCor Medical, Australia).
Results—This study shows that the emotional stress response, measured by anxiety, significantly
predicted arterial stiffness (β= .25, p=.008), independently of such confounding factors as age,
mean arterial pressure (MAP), gender, body mass index, smoking, education, and income. Anxiety
was neither related to age (r=.12, p=.212) nor MAP (r=.14, p=.151). Additionally, this sample of
Korean Americans had higher levels of psychological stress when compared to previous findings
from studies of other racial/ethnic groups in the U.S.
Conclusion—Findings demonstrate that anxiety is a significant and independent determinant of
arterial stiffness. Given that anxiety was not related to MAP, these findings suggest that arterial
stiffness may be a pathway to explain the connection between anxiety and hypertension risk.
Studies that scrutinize the relationship between anxiety and arterial stiffness are an important next
step for future research. Further studies are also recommended to explore cultural factors and
individual characteristics that may affect anxiety in Korean Americans.
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Arterial stiffness has been identified as an independent marker of cardiovascular morbidity
and mortality (1, 2). Traditionally, it was believed that arterial stiffness was the result of
hypertension (3, 4). However, population-based longitudinal studies have shown that arterial
stiffness may itself predict progression to hypertension in nonhypertensive subjects (5, 6).
It is well accepted that psychological stress contributes to elevated blood pressure and to the
development of hypertension and other cardiovascular diseases (CVD). The mechanisms by
which stress increases CVD risks include its effects on the sympathetic nervous system,
rennin-angiotensin system, inflammation, cortisol levels, and unhealthy behaviors (7–10).
Since arterial stiffness is now considered a causative factor for hypertension, it is plausible
that psychological stress may contribute to arterial stiffness before hypertension is
manifested (6).
Research suggests that acute psychological stress induced in laboratory environments
increases arterial stiffness (11–14). However, only a few studies have explored the
relationship between real life psychological stress and arterial stiffness, and for those that
have, their findings are contradictory (15, 16), with very few having enough subjects to
explain this relationship in different racial/ethnic groups.
Several studies have reported that Korean Americans may experience high levels of
emotional distress from trying to adapt to the social, cultural, and economic norms of a new
society (17–22). Moreover, Korean Americans have a higher prevalence of hypertension
(32%) as compared to Koreans in Korea (23). Thus, Korean Americans are a vulnerable
population at high risk for both stress and hypertension.
The purpose of this study was to explore the relationship between psychological stress and
arterial stiffness in Korean Americans. This study examined the correlation between
psychological stress (as operationalized by perceived stress, acculturative stress, and
anxiety) and arterial stiffness in Korean Americans, and how much of the variance in their
arterial stiffness was accounted for by psychological stress, after controlling for blood
pressure, age, gender, body mass index, smoking status, education and income.
METHODS
Participants
After Institutional Review Board (IRB) approval, 102 Korean American males and females
were recruited from three counties in North Carolina. Inclusion criteria included being 21–
60 years of age, being born in Korea, having lived in the US for at least 1 year, and able to
read and speak Korean. Subjects learned about the study from flyers and by word of mouth.
People who had an irregular cardiac rhythm (e.g., frequent premature atrial contractions or
premature ventricular contractions) were excluded since the method used to measure arterial
stiffness (SphygmoCor, AtCor Medical, Australia) requires a regularly occurring pulse wave
and ECG waveform to derive its measures. Antihypertensive medications may cause
muscular artery dilation that results in decreased pulse wave velocity (24). Therefore, people
who were taking antihypertensive medications or other medications known to affect blood
pressure (e.g., β-blockers, thyroid, hormones, or steroids) were also excluded from the
study. Those with known cardiac conditions (e.g., pace maker, heart failure, coronary artery
disease, myocardial infarction, left ventricular dysfunction, or valvular heart diseases),
known vascular conditions (e.g., peripheral vascular diseases), and those individuals who
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were currently taking medications for a mental disorder (e.g., schizophrenia or major affect
disorders) that may affect the measures of perceived stress were also excluded.
Measures
The study measured psychological stress, physiological factors (arterial stiffness and blood
pressure), and contextual factors (age, gender, body mass index, smoking status, education,
income, marital status, and occupation).
Psychological Stress—In this study, psychological stress included both cognitive and
emotional stress. Cognitive stress was operationalized as perceived stress – a global measure
of life stress, and acculturative stress – the stress from trying to adapt to a different culture
(25). Anxiety was also assessed as a measure of the emotional response to stressful life
events (26).
Perceived Stress was measured with the Perceived Stress Scale (PSS), a widely used
instrument for measuring the degree to which situations in one’s life are appraised as
stressful (27). A 5-point Likert scale ranging from 0=”never” to 4=”very often” was used
and scores were derived from the sum of the item scores, with higher scores indicating
greater stress. Among the 4, 10, and 14-item versions, the 10-item version used in this study
has shown maximum reliability (28, 29). The 10-item Perceived Stress Scale (PSS) has good
internal consistency (Cronbach’s alpha=0.85), test retest reliability (r=.85) (27), construct
validity and predictive validity (30). In this study, the Korean version of the scale’s internal
consistency was Cronbach’s alpha 0.83 and its test – retest reliability with a two week
interval was .79.
Acculturative stress was measured with the modified short version of the original 60 item
SAFE scale (31). This 24-item version of the Revised SAFE scale (R-SAFE) comprises 17
items which measure acculturative stress in Social, Attitudinal, Familial, and Environmental
contexts (31) and 7 items that measure “perceived discrimination or majority group
stereotypes toward immigrant populations” (32). The R-SAFE scale has been used in 4, 5, or
6-point Likert scales in different studies (33–35). In this study, a 4-point Likert scale ranging
from 0= “not stressful” to 3= “extremely stressful” was used and scores were derived from
the sum of the item scores with higher scores indicating greater acculturative stress. The R-
SAFE has good construct validity (32) and convergent and discriminant validity (36).
Possible scores range from 0 to 72. Studies reported that the R-SAFE is also reliable for
Asian Americans (Cronbach’s alpha .89) (37). In the present study, the Korean version of
the scale showed good internal consistency (Cronbach’s alpha .88) and good test – retest
reliability within a two week interval (r=.73).
Anxiety was measured by the Spielberger State-Trait Anxiety Inventory (STAI). The 40
item 4-point Likert scale was developed to measure anxiety in adults. The first subscale
measures state anxiety, and the second subscales measures trait anxiety (38). Total scores
obtained from the subscales range from 20 to 80 with higher scores indicating greater
anxiety. This scale has been used extensively in practice demonstrating good construct and
divergent validity and test– retest reliability (38, 39). In this study, the internal consistency
of the STAI was very good; Cronbach’s α was .93 for state anxiety and .93 for trait anxiety).
Korean versions of the 10-item PSS and the 24-item version of the R-SAFE were not
available. Therefore, these two scales were translated to Korean according to Brislin’s
translation model (40). The principal investigator (PI), who was sensitive to Korean
subjects’ cultural nuances, translated them into Korean. A bilingual Korean reviewed the
initially translated version and back translated them into English. An American professor,
who was familiar with the American version of the scale, compared the original scale with
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the back translated English version of the scale. Based on the results of this comparison, the
Korean version of the scale was refined. These processes were repeated until the original
scale was judged equivalent to the back translated English version of the scale by the
American professor.
Physiological Factors—Arterial stiffness was measured using the SphygmoCor device
(AtCor Medical, Australia). A pressure sensitive transducer (tonometer) was applied on
carotid and femoral sites to measure the time for pulse waves to reach these two sites. The
distance that the pulse wave travels is determined by measuring the distance from the
suprasternal notch to the carotid artery site (d-carotid) and the distance from the suprasternal
notch to the femoral artery site (d-femoral) using a standard tape measure. The time from the
R wave on the electrocardiogram to the foot of the carotid pulse waveform (t1) and the foot
of the femoral arterial waveform (t2) are measured in order to derive the mean time
difference for the pulse wave to reach the two sites (Figure 1). The resulting measure (the
carotid-femoral pulse wave velocity or cf-pwv) is the difference in the two distances, from
suprasternal notch to two arterial sites (dpwv = dfemoral − dcarotid), divided by the mean time
difference between t1 and t2. Thus, the cf-pwv reflects the speed of the pressure wave as it
travels through the aorta, in meters per second (m/s). The higher the carotid-femoral pulse
wave velocity, the stiffer the vessel. Reference values for carotid-femoral pulse wave
velocity were established in a previous study of 1455 people aged 15 to 59 years with
normal blood pressures and ranged from 6.2 to 8.3 m/s. (41)
Blood Pressure (BP) is a measure of the force applied to the walls of the arteries as the heart
pumps blood through the body in millimeters of mercury (42). Systolic, diastolic, and mean
arterial blood pressures were measured at the brachial artery, with subject in the supine
position, using the WelchAllyn Vital Signs Monitor 300 Series (USA). An incorrect cuff
size could result in erroneous BP measurements (43); thus, the mid-section circumference of
the dominant upper arm was determined with a measuring tape, and the proper sized cuff
was selected according to the upper arm circumference. The bladder of the cuff should
encircle at least 80% of the arm. The cuff was placed over the bare arm to maximize
reliability of the measures. The artery marker on the cuff was placed over the brachial artery
and the cuff was applied snuggly allowing no more than two fingers underneath. The arm
was kept at the level of the heart without movement and the subjects were not spoken to and
were asked not to speak during the BP measurement (44). Using the automated BP
monitoring device, BP was measured twice in the dominant arm with a 2 minutes rest
between measures (45).
Contextual Factors—Age, gender, smoking status, education, income, marital status, and
occupation were self-reported. Height in centimeters was measured with a portable
stadiometer (Accu-Hite, USA), and weight in kilograms was measured with an electronic
scale (Penn Scale, USA), these two measures were used to determined body mass index
(BMI) in kilograms/meter squared (kg/m2).
Procedures
Arterial stiffness tends to be higher in the morning than in the evening (46) and is responsive
to factors that alter heart rate and blood pressure. To minimize potential confounders, all the
measures were performed in the morning between 7 and 11am, and subjects were instructed
to refrain from consuming coffee, smoking, and eating for at least 3 hours and from drinking
alcohol for at least 10 hours before data collection (2). After obtaining informed consent,
demographic information, height, and weight from the participants, they completed three
psychological stress scales (the Perceived Stress scale, the Revised SAFE scale, and the
Spielberger State-Trait Anxiety inventory) in Korean. After finishing the three scales,
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participants rested at least 10 minutes in the recumbent position and blood pressure was
measured twice with a 2 minutes rest between measures. Afterwards, pulse wave velocity
(PWV) was measured by investigators who were well-trained in using the SphygmoCor
device. The procedure for measuring PWV complied with the European Society of
Cardiology’s recommendation to standardize subject conditions when measuring arterial
stiffness (2).
Data analysis
All analyses were performed with SAS (version 9.1 for Windows, SAS Institute Inc, NC,
USA). Correlations were used to examine the relationships between each psychological
stress variable and arterial stiffness. Multiple regression analysis was used to determine how
much of the variance in arterial stiffness was explained by psychological stress, controlling
for confounding factors that were significantly correlated with arterial stiffness. Possible
multicollinearity among independent variables in the multiple regressions was examined by
the variance inflation factor (VIF), eigenvectors among the predictors, and partial
correlations. A high level of correlation between state anxiety and trait anxiety was reflected
in non-negligible multicollinearity; therefore, one factor (anxiety) was created by a principal
components analysis and used as an independent variable in the multiple regressions.
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were also highly
correlated with each other; therefore, mean arterial pressure (MAP) was used to represent
blood pressure in the multiple regressions. Statistical significance was set at a p-value less
than 0.05. To examine the internal consistency and test-retest reliability of the Korean
version of the scales, Cronbach’s alpha and Pearson product moment correlations were
examined.
RESULTS
Participants included 102 Korean Americans; women comprised 60% of the sample. Age
ranged from 21 to 60 years; the mean age for both men and women was similar, men 39.76
(SD 9.71) and women 38.96 (SD 10.44). BMI ranged from 16.4 to 31.6 kg/m2, with a mean
of 23.6 kg/m2 (SD 3.2). Over one half (67.6%) of the sample had 4-years of college or
higher education and 21.6% of the sample were high school graduates. More than half
(65.7%) reported a household income of less than $49,999 per year and only 21.6% of the
sample had a household income greater than $75,000. Most (71.6%) of the sample lived
with their spouse. Just over a third of the sample (34.31%) had professional occupations,
17% were home makers, and 15% were laborers. Only 6% of the sample were current
smokers.
Table 1 presents the descriptive statistics for the psychological and physiological variables.
All psychological and physiological variables except SBP were normally distributed. SBP
had moderate kurtosis. According to the seventh report of the Joint National Committee
(47), more than half (53.92%) of the sample was classified as having normal BP, while
36.27% were prehypertensive and 9.8% were hypertensive.
The three indicators of psychological stress (perceived stress, acculturative stress, and state
and trait anxiety) were significantly related to each other. For example, perceived stress was
related to accultuative stress (r=.39, p<.001), state anxiety (r=.49, p<.001), and trait anxiety
(r=.49, p<.001). Acculturative stress was associated with state anxiety (r=.40, p<.001) and
trait anxiety (r=.44, p<.001).
Arterial stiffness was associated with many well-known factors related to hypertension.
Specifically, higher levels of arterial stiffness were associated with higher age (r=.61, p<.
001) and body mass index (r=.28, p=.005). Arterial stiffness was negatively associated with
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education (r= −.35, p<.001) but not with income, and did not differ by gender or smoking
status. Lastly, higher arterial stiffness was also associated with higher SBP (r=.45.p<.001),
DBP (r=.56, p<.001), and MAP (r=.54, p<.001).
The correlations of arterial stiffness and BP with psychological stress variables are shown in
Table 2. While arterial stiffness was not related to perceived stress, it was significantly
related to acculturative stress, state anxiety, and trait anxiety. SBP was related to
acculturative stress and state anxiety but their relationships were marginally significant.
DBP was not significantly related to any of psychological variables.
Table 3 shows the results of a multiple linear regression analysis. The significant bivariate
relationships of education, BMI, and acculturative stress with arterial stiffness disappeared
in the multivariate analysis. Education was correlated with age (r= −.33, p<.001) and MAP
(r= −.33, p<.001) in the bivariate analysis. When the effect of age and MAP were partialled
out from the relationship between education and arterial stiffness, education was no longer
correlated with arterial stiffness (r= −.10, p=.322). Acculturative stress was also correlated
with age (r=.32, p=.001) in the bivariate analysis, but the relationship between acculturative
stress and arterial stiffness was also no longer significant when age was partialled out (r= .
01, p=.927). BMI was correlated with MAP (r=.28, p=.004). When the effect of MAP was
removed, BMI was not related to arterial stiffness (r=.16, p=.119). Anxiety was neither
correlated with age (r= .12, p= .212) nor with MAP (r= .14, p= .151). The multiple
regression result showed that age, MAP, and anxiety were significant independent predictors
of arterial stiffness after controlling for age, MAP, education, BMI, and acculturative stress.
DISCUSSION
This study shows that emotional stress measured by anxiety significantly predicted arterial
stiffness as measured by cfPWV. This finding is noteworthy because the effect of anxiety on
arterial stiffness was independent of age, MAP, education, BMI, and acculturative stress.
Although arterial stiffness was identified as a preexisting condition that precedes the
development of hypertension, transient stiffening of the large arteries occurs when arterial
BP rises (4). Age is also a powerful determinant of arterial stiffness (48). Therefore, it is
important to control for BP and age when the independent effects of predictors on arterial
stiffness were assessed. Partial correlation results showed that the relationships of education,
BMI, and acculturative stress with cfPWV were no longer significant when MAP and age
were partialled out, suggesting that their relationships with cfPWV were confounded by
MAP and age. However, anxiety was neither related to age nor MAP, and still significantly
related to cfPWV after controlling for age and MAP. Given that arterial stiffness is
identified as a causative factor for hypertension, this finding suggests that arterial stiffness
may be a pathway to explain the connection between anxiety and hypertension risk.
Previous studies have reported inconsistent and contradictory results on the relationship
between anxiety and arterial stiffness. For example, one study that compared arterial
stiffness measured by brachial and ankle PWV (baPWV) in 25 patients diagnosed with
anxiety disorder with 23 age- and sex matched controls (all subjects were East Asian)
reported that baPWV was significantly higher in the anxiety patient group (49). Another
study with 156 Black and White Americans also showed that trait anxiety was associated
with arterial stiffness measured by cfPWV. Interestingly, this relationship was significant
only in Blacks, showing the interaction between the effects of anxiety and race on
cfPWV(50). On the other hand, the Health, Aging, and Body Composition Study with 2,488
older adults (60 % White and 40% Black) reported that anxiety symptoms measured by the
Hopkins Symptom Checklist were not related to cfPWV (51). In another study conducted
with 382 Japanese males aged 24 to 39 years, tension and anxiety were measured by the
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Profile of Mood States (POMS), and arterial stiffness by brachial-ankle PWV. That study
showed that neither tension nor anxiety was related to arterial stiffness (52). Possible
reasons for the inconsistent results may include the use of different measures for anxiety.
The relationship between anxiety and arterial stiffness demonstrated in this study may be
mediated by autonomic function (49, 53). Anxiety may induce an increase of sympathetic
function, and a decrease of parasympathetic function (54, 55). Dysregulation of autonomic
function may also be connected to increased arterial stiffness (49, 54, 56). A few previous
studies have investigated associations between autonomic function and arterial stiffness in
physically healthy adults. For example, one study with 382 Japanese males (age 24 to 39
years) reported that arterial stiffness measured by brachial-ankle pulse wave velocity
(baPWV) was related to Low Frequency /High Frequency ratio (LF/HF ratio) of Heart Rate
Variability (HRV). This relationship remained significant after controlling for age, blood
pressure (BP), and plasma noradrenalin levels, suggesting that arterial stiffness is related to
increased sympathetic activity (52). In another study with 23 healthy participants (mean age
45 years) and 25 patients with anxiety disorder (mean age 45 years), baPWV did not have
any relationship to LF/HF ratio, but was negatively related to HF only in patients with
anxiety disorder (49), suggesting increased arterial stiffness and reduced vagal tone in
people with anxiety disorders.
Another notable finding of this study is the levels of psychological stress in Korean
Americans. Higher incidences of psychological problems have been observed in immigrant
populations compared to dominant cultural groups (57–59). Several studies previously
reported high levels of psychological stress, anxiety, and depression in Korean Americans
(17, 19, 20). Similarly, this sample of Korean Americans had high levels of psychological
stress. Specifically, the mean score of perceived stress scale (16.59) was higher than the
reference levels from 2,387 respondents in the U.S.: Whites (12.8), Hispanics (14.0), and
Blacks (14.7), and for all other minority groups combined (14.1) (Cohen et al., 1983; 1988;
1994). Direct comparisons of the levels of acculturative stress found in this study with the
levels reported in previous studies were not possible because different versions of the SAFE
scale or different Likert scales were used (e.g. 17 items (60); 5-point Likert scale (33, 34);
and 6-point Likert scale (35)). The mean levels of state anxiety (36.06) and trait anxiety
(39.62) in this sample were higher than the mean (33.5 for both state and trait anxiety)
reported for 222 adults (whites 71.6%, Blacks 17.6%, and others 3.9%) that had clinically
diagnosed chronic health failure (61).
Previous studies have clearly demonstrated that acculturative stress exerts an influence on
anxiety symptoms (62–64). Although the present study did not show the independent effect
of acculturative stress on arterial stiffness, the significant associations among three
indicators of psychological stress (perceived stress, acculturative stress, and state and trait
anxiety) imply that acculturative stress may increase the risk of arterial stiffness through its
impact on anxiety in this immigrant population. Further studies are recommended to explore
cultural factors and individual characteristics that may hinder the acculturation process and
increase psychological problems in Korean Americans.
This study has several potential limitations. First, the sample was relatively small,
homogenous, and recruited from a limited geographical region (three contiguous counties)
of North Carolina. Since most of the study participants were recruited from churches, their
level of stress may be different from other Korean Americans who are not affiliated with
religious organizations. Secondly, all psychological variables were self-reported. In the
Korean culture, people may be reluctant to share their personal information with researchers.
Therefore, responses may be based on what is perceived as socially desirable (67). Thirdly,
the design of this study was cross-sectional. In order to confirm directionality of
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relationships between identified risk factors and physiological variables, longitudinal studies
should be conducted. Lastly, there are many other factors that may influence BP and arterial
stiffness. For example, lack of exercise and poor diet are very important risk factors for
CVD but they were not measured in this study. In order to examine independent effects of
identified predictors on blood pressure and arterial stiffness, further studies are
recommended to include other important factors.
In conclusion, the emotional aspect of psychological stress measured by state and trait
anxiety significantly predicted arterial stiffness as measured by cfPWV, independent of age
and MAP which are major determinants of arterial stiffness. Since trait anxiety was not
significantly related to BP and state anxiety was marginally positively associated with SBP,
this may suggest that arterial stiffness may be a pathway to explain the connection between
anxiety and hypertension risk. In addition, results from this study indicate that Korean
Americans may have high levels of psychological stress. Additional studies are suggested to
examine factors contributing to anxiety in Korean Americans and to better understand the
connection between anxiety and arterial stiffness and the potential role of decreased cardiac
vagal activities in mediating anxiety and arterial stiffness. The hope is that future studies
will address interventions for stress relief and early detection and/or reduction of arterial
stiffness, before hypertension and cardiovascular complications develop.
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Carotid and femoral Pulse Wave Velocity (cfPWV) Using the SphygmoCor
t1: The time difference between the R wave of EKG and the foot of carotid artery wave form
t2: The time difference between the R wave of EKG and the foot of femoral artery wave
form
Δt: The mean difference in time between A and B, taking the difference between t1 and t2
dpwv: The difference between d- femoral and d- carotid
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Table 2
Correlation of Arterial Stiffness and Blood Pressure with Psychological Stress Variables (n=102)
cfPWV r(p) SBP r(p) DBP r(p) MAP r(p)
Perceived stress 0.06 (0.536) −0.02 (0.821) 0.03 (0.763) 0.01(0.945)
Acculturative stress 0.19 (0.046) 0.20 (0.045) 0.13 (0.204) 0.17(0.093)
State anxiety 0.30 (0.002) 0.20 (0.044) 0.18 (0.074) 0.19(0.047)
Trait anxiety 0.21 (0.030) 0.09 (0.367) 0.06 (0.566) 0.08(0.448)
Anxiety* 0.27(0.006) 0.15 (0.127) 0.12(0.217) 0.14(0.151)
*
One factor (anxiety) was created from state anxiety and trait anxiety by a principal components analysis. cfPWV = carotid - femoral Pulse Wave
Velocity, SBP =Systolic Blood Pressure, DBP = Diastolic Blood Pressure, MAP = Mean Arterial Pressure
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Table 3
Multiple regressions on arterial stiffness
Variable β SE P value Variance Inflation
Age 0.06 0.01 <.0001 1.31
MAP 0.03 0.01 0.0003 1.25
Education 0.01 0.07 0.8724 1.29
BMI 0.04 0.03 0.0898 1.11
Acculturative stress −0.01 0.01 0.1684 1.39
Anxiety 0.25 0.09 0.0083 1.39
R-Square = .5282 (F=17.36, P<.0001)
MAP = Mean Arterial Pressure, BMI = Body Mass Index
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